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(57) ABSTRACT

An active small-molecule donkey-hide gelatin mixture and a
preparation method and application thereof. The active small-
molecule donkey-hide gelatin mixture is prepared by using
the compound protease comprising the proline protease to
perform the enzymatic hydrolysis on the donkey-hide gelatin
juice to which no auxiliary material is added. For the active
small-molecule donkey-hide gelatin mixture, the weight-av-
erage molecular weight ranges from 580 Da to 1300 Da, the
peptide segments are distributed from 200 Da to 3000 Da, the
dissolution rate in cold water is high, and the content of free
amino acid is low; the active small-molecule donkey-hide
gelatin mixture may be used for manufacturing small-mol-
ecule peptide food and health care food of donkey-hide gela-
tin.

14 Claims, 2 Drawing Sheets



U.S. Patent Sep. 8, 2015 Sheet 1 of 2 US 9,125,851 B2

81 %

%

freg amymo acids <1KDasmall peptide  1-3KDa olizopeptide >3KDa polypeptide

Fig, |

v
%
3

Bt

iy

The srea under the medicat

i

Ordinary donkey-hide geforin Biswr digested donkay-hide gelitic St matecule donkey-hide galbnie

Fig. 2



U.S. Patent Sep. 8, 2015 Sheet 2 of 2 US 9,125,851 B2

=
=

rate

CATANCER

4
'
i

¢

o

1 T

¥
H

clears

100

660

{

&1

20

97.41

it 5 1 0.5

v

concentration {mg/mi}

3

Fig

8.00

b et SUSPUUERIUS PPReRRR:

10 1

concentration {mg/mi)

Fig. 4



US 9,125,851 B2

1
ACTIVE SMALL-MOLECULE DONKEY-HIDE
GELATIN MIXTURE AND PREPARATION
METHOD AND APPLICATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of interna-
tional application PCT/CN2012/001566 filed Nov. 21, 2012,
which claims priority to Chinese patent application
(CN201110450564.1 filed on Dec. 29,2011, both of which are
incorporated herein by reference in their entirety.

FIELD OF THE TECHNIQUE

This invention refers to an active small-molecule mixture
and preparation method and application thereof, in particular,
refers to an active small-molecule peptides mixture by enzy-
matic hydrolysis on donkey-hide gelatin juice, as well as the
application method and application thereof. This invention
belongs to the field of food biotechnology.

BACKGROUND

Donkey-hide gelatin (E-jiao) is an effective medicine for
replenishing blood and nourishing Qi. In as early as the East-
ern Han Dynasty, it had listed as “top grade medicine” in the
famous medicine book “Shen Nong’s Herbal Classic”, and it
was documented that “taking permanently, it can replenish Qi
and cause a feeling of body weight reduction”. The charac-
teristic of Donkey-hide gelatin is Gan, mild-natured, its main
function is to replenish blood and nourish Yin, to moisturize
dryness, and stop bleeding. It is used for treating blood defi-
ciency chlorosis, dizziness, palpitation, muscle atrophy and
weakness, irritability, insomnia, internal agitation of deficient
Wind, cough owing to dryness in the lung and over-strain,
chatter of blood, vomiting blood and hematuria, stool bleed-
ing, threatened abortion and so on. According to the 2010
edition of Chinese Pharmacopoeia, Donkey-hide gelatin is a
solid gelatin produced by boiling the dried or fresh skin of
equidae donkey and then concentrating the decoction. How-
ever, the molecular weights of collagen proteins are too large
(from tens of thousands to hundreds of thousands) to be
absorbed by patients with weak spleen and stomach, which
result in inadequate performance of functions of Donkey-
hide gelatin. Meanwhile, the breeding stocks of donkeys have
been declining in recent years, this directly results in inad-
equate supply of donkey skin, and the rising price of Donkey-
hide gelatin. The growing deficiency in the supply of donkey
skin material cannot meet the requirements of the market,
whereas because of the small-molecule Donkey-hide gelatin
by enzymatic hydrolysis on donkey-hide gelatin juice can
significantly increase the bioavailability of Donkey-hide
gelatin, it can be a good measure to solve the contradiction
between supply and demand.

Inrecent years, researches on enzymolysis of Donkey-hide
gelatin have made some progresses, a number of patents have
been published, including: (1) “A method for the preparation
of liquid Donkey-hide gelatin by enzymolysis”, Publication
No. is CN1237421A; (2) “Active Donkey-hide gelatin col-
lagen peptide products”, Publication No. is CN1807653A;
(3) “A preparation method for Donkey-hide gelatin hydrolyz-
ate with low molecular weight”, Publication No. is
CN101269090A. These three inventions all reported the pro-
duction of collagen peptides by means of protease digestion
of Donkey-hide gelatin. Based on the existing technology,
this invention takes advantage of characteristically high pro-

10

15

20

25

30

35

40

45

50

55

60

65

2

line and hydroxyproline contents in Donkey-hide gelatin,
proposes to enzymatically digest it by using proline protease
for the first time, results in significantly better hydrolysis than
that had been reported in the previous patents. In the above-
mentioned 3 patents, most of the molecular weights of the
products were distributed in the range of less than 5000 Da,
even less than 10000 Da. Besides, none of the patents
reported the accurate measurement of molecular weight dis-
tribution and the free amino acid contents, whereas in the
present invention, the peptide molecular weight is distributed
in the range of 200-3000 Da, mainly in 200-1000 Da; in
patents CN1237421A and CN1807653 A, both of them used
the Donkey-hide gelatin lumps with auxiliary material added
as the digestion raw material, whereas in the present inven-
tion, Donkey-hide gelatin juice is used as the raw material for
enzymolysis in order to simplify the process, save cost, and
result in products with good solubility and high bioavailabil-
ity, the clearance rate of DPPH and ABTS radicals are close to
100%.

Many reports in the literature (Adibi A S. America Nutri-
tion, 1984, 25: 1114-1122; DBA Silk Gut, 1974, 15: 494-501)
stated that peptides with the molecular weights in the range of
200-1000 Da demonstrated superior absorption and efficacy
in comparison with peptides of other size and free amino
acids. The present invention proposes to use Donkey-hide
gelatin juice without auxiliary material as raw materials, to
accurately determine the free amino acid contents in the prod-
ucts and the molecular weight distribution of the products,
and the small peptides contained in the products distribute
mostly in the range of 200-1000 Da, therefore their absorp-
tion and efficacy are better.

SUMMARY OF THE INVENTION

To solve the problems in the existing technique, one of the
objects of the present invention is to provide an active small-
molecule donkey-hide gelatin mixture.

The second object of the present invention is to provide a
method for the production of the active small-molecule don-
key-hide gelatin mixture.

The third object of the present invention is to provide the
application of said active small-molecule donkey-hide gelatin
mixture in the production of small-molecule-peptide foods
and health foods.

To attain the above objects, the present invention adopts the
following technical means:

An active small-molecule donkey-hide gelatin mixture
proposed in the present invention, wherein the weight-aver-
age molecular weight of the product is 580-1300 Da, peptides
distribute between 200-3000 Da, mainly between 200-1000
Da.

In the present invention, an active small-molecule donkey-
hide gelatin mixture is prepared by using compound protease
to perform the enzymatic hydrolysis on donkey-hide gelatin
juice. Said compound proteases comprise papain and proline
protease, preferably, said compound proteinase further
includes one or several or all protease selected from the group
consisting of bromelain protease, neutral protease, pepsin and
flavourzyme.

In the present invention, said active small-molecule don-
key-hide gelatin mixture can be processed into powdered or
liquid formulation.

Features of the active small-molecule donkey-hide gelatin
mixture proposed in the present invention are: (1) it can be
processed into a powdered or a liquid formulation for oral
administration; (2) it has good solubility and a high dissolu-
tion rate even in cold water; (3) it has low contents of free
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amino acids (only 4%), small peptides with molecular weight
in the range of 200-1000 Da account for 81% of the total,
those in the range of 1000-3000 Da account for 14% (See
FIG. 1), the weight-average molecular weight is 765 Da; (4)
with respect to bioavailability, that of small molecule donkey-
hide gelatin is 3.5 times that of ordinary donkey-hide gelatin,
is 2.2 times that of the bionically digested donkey-hide gela-
tin (See FIG. 2); (5) in terms of antioxidant efficacy, small
molecule donkey-hide gelatin shows a good efficacy of scav-
enging radicals including DPPH and ABTS, at a concentra-
tion of 10 mg/ml, the clearance rates can be nearly 100% (see
FIGS. 3 and 4).

The present invention also provides a method to produce
the active small-molecule donkey-hide gelatin mixture,
wherein the following procedures are comprised:

(1) Cool the auxiliary material-free donkey-hide gelatin
juice down to 30-55° C. at room temperature, adjust the pH to
5-8, add in compound proteases into the juice to bring about
hydrolysis reaction for 0.5 to 2 hours, thereby obtaining the
hydrolyzate of donkey-hide gelatin juice;

(2) Maintain boiling the hydrolyzate of donkey-hide gela-
tin juice obtained in step (1) for 10-30 minutes to inactivate
the enzyme, thereby obtaining the inactivated decoction;

(3) Centrifuge the inactivated decoction to remove impu-
rities, thereby obtaining the liquid formulation of the active
small-molecule donkey-hide gelatin mixture.

The method to prepare said the active small-molecule don-
key-hide gelatin mixture proposed in the present invention
may further comprise spray drying said liquid formulation to
produce powdered formulation of the active small-molecule
donkey-hide gelatin mixture.

In the method proposed in this invention, said auxiliary
material include yellow rice wine, crystal sugar and soybean
oil; said auxiliary material-free donkey-hide gelatin juice is
the donkey-hide gelatin juice to which no yellow rice wine,
crystal sugar or soybean oil added.

In embodiments of this invention, the concentration of the
donkey-hide gelatin juice in step (1) is 10%~50% (w/w).

In embodiments of the invention, said compound proteases
comprise papain and proline protease, preferably, said com-
pound proteinase further includes one or several or all pro-
tease selected from the group consisting of bromelain pro-
tease, neutral protease, pepsin and flavourzyme.

In embodiments of the present invention, wherein the
amount of the compound proteases added in step (1) is 5%0-
3% weight (w/w) of the donkey-hide gelatin juice, the order
of addition of the compound proteases is: these enzymes
added chronologically at regular intervals, or these enzymes
added simultaneously in the initial stages of the hydrolysis
reaction.

In a particular embodiment of the present invention,
according to the weight, the addition ratio of each of the
compound protease is: papain:proline protease=2:1; or
papain:proline proteases:any one of bromelain, neutral pro-
tease, pepsin or flavourzymes=5:2:1. Other ratios will not be
expatiated. The person in the art may make wide varieties of
choices based on the actual situation in the application with-
out any creative work.

The present invention further provides the application of
the active small-molecule donkey-hide gelatin mixture in the
preparation of small-molecule-peptide foods and health
foods. The small molecule active peptide mixture results in
better absorption, shows very good solubility and very good
antioxidant effect, so it favors the development of foods of
powdered or liquid formulation, as well as health foods with
antioxidant and aging-delaying functions.
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Compared to the existing technique, the advantages of the
present invention are:

1, the proposed method utilizes donkey-hide gelatin juice
without any auxiliary material as raw material, thereby real-
izing simplification of the process, energy conservation, cost
lowering, high efficiency of hydrolysis, and assurance of the
stability of the structure and properties of the spray-drying
product.

2, the proposed method eliminates fat and impurities in the
product by centrifugation, to ensure that the solubility of the
product is high, and that it is conducive to the development of
related foods and health foods.

3, in the proposed method, a powdered raw material is
obtained by using spray-drying, to ensure a low storage cost,
and easy development of capsule and granule products.

4, in the proposed method, the test technique of the product
is advanced, to ensure accurate determination of contents of
the free amino acids and distribution of peptides.

5, in the proposed method, enzymolytic technology is
advanced, molecular weight of the peptides in the product are
mainly distributed between 200-1000 Da, this molecular
weight range is lower than those obtained by published pro-
cesses, thereby ensuring better absorption and functional
effects.

6, the production technology proposed in this invention is
advanced and practical, ensuring a high yield of small mol-
ecule mixture from donkey-hide gelatin. For example, using
1 L 40% donkey-hide gelatin juice as raw material, after
enzymolysis and subsequent process, the obtained powdery
product was about 360 g, with a yield of 90%.

7, preliminary determination of bioavailability and antioxi-
dant efficacy of the material obtained showed very good
results.

BRIEF DESCRIPTION TO THE
ACCOMPANYING DIAGRAMS

FIG. 1: Molecular weight distribution of an active small-
molecule donkey-hide gelatin mixture determined using high
performance gel chromatography in combination with amino
acid analysis technique.

FIG. 2: A comparison of the bioavailability by comparing
hydroxyl proline contents in the blood of mice after feeding
with the product according to the invention as well as those
according to different techniques; wherein,

Ordinary donkey-hide gelatin: normal untreated donkey-
hide gelatin sample;

Bionic digested donkey-hide gelatin: enzymolysis of don-
key-hide gelatin using pepsin and intestinal trypsin imitating
the digestion in human gastrointestinal tract;

Small molecule donkey-hide gelatin: an active small-mol-
ecule donkey-hide gelatin mixture obtained by using the
method proposed in the present invention;

FIG. 3: DPPH radical scavenging effect of an active small-
molecule donkey-hide gelatin mixture obtained according to
the present invention;

FIG. 4: ABTS radical scavenging effect of an active small-
molecule donkey-hide gelatin mixture obtained according to
the present invention.

EMBODIMENTS

Following are further demonstrations of this invention with
embodiments. The merit and characteristics of this invention
will be made clearer by the demonstrations. It should be
understood that these embodiments are only exemplary, and
are by no means a restriction to the protection scope of this
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invention. The person in the art should appreciate that, with-
out departing from the spirit and scope of the present inven-
tion, they can modify or replace details and form of the
present invention, but all such modifications and replace-
ments will fall within the scope of protection to the present
invention.

Sources of experimental materials involved in the embodi-
ment of the present invention:

1, Donkey-hide gelatin juice containing no yellow rice
wine, crystal sugar and soybean oil was purchased from
Shandong Dong-E Donkey-hide gelatin Co., Litd.;

2, various enzymes

flavourzyme, neutral protease and bromelain were pur-
chased from Pangbo Bioengineering Co., Ltd., Nanning,
China; Papain and pepsin were purchased from Keyuan
Industrial Co., Ltd.; Proline protease was purchased from
Shanghai Yuanda Business Ltd.;

3, ABTS and DPPH radical were purchased from Sigma
Aldrich Co., Ltd.

Example 1

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 35° C. at
room temperature, adjusting its pH to 6.5. Adding 5% (w/w)
of compound proteases (papain: proline protease=2:1 (w/w))
to the juice to bring about hydrolysis reaction for 2 hours,
heating to boil the juice and maintaining boil for 20 minutes
subsequently to deactivate the enzymes, followed by centrifu-
gation to remove insoluble impurities and fat, to obtain a
liquid preparation of active small-molecule donkey-hide
gelatin mixture. A determination of the molecular weight of
the product showed that most of the peptides were in the range
01 200-3000 Da, accounting for 83% of the total.

Example 2

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 35° C. at
room temperature, adjusting its pH to 6.5. Adding 5% (w/w)
of compound proteases (papain: proline protease=2:1 (w/w))
to the juice to bring about hydrolysis reaction for 2 hours,
maintaining boil of the juice for 20 minutes subsequently to
deactivate the enzymes, followed by centrifugation to remove
insoluble impurities and fat, finally, spray-drying the liquid to
obtain 360 g powdered active small-molecule donkey-hide
gelatin mixture. A determination of the molecular weight of
the product showed that most of the peptides were in the range
01 200-3000 Da, accounting for 83% of the total.

Example 3

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 40° C. at
room temperature, adjusting its pH to 5.5. Adding 1% (w/w)
of compound proteases (papain: proline protease: pepsin=>5:
2:1 (w/w)) to the juice to bring about hydrolysis reaction for
2 hours, maintaining boil of the juice for 20 minutes subse-
quently to deactivate the enzymes, followed by centrifugation
to remove insoluble impurities and fat, finally, spray-drying
the liquid to obtain 360 g powdered active small molecule
donkey-hide gelatin mixture. A determination of the molecu-
lar weight of the product showed that most of the peptides
were in the range 0of 200-3000 Da, accounting for 86% of the
total.

Example 4

Cooling down 1 L of the Donkey-hide gelatin juice (10%
(w/w)) without addition of auxiliary materials to 35° C. at
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room temperature, adjusting its pH to 6. Adding 2% (w/w) of
compound proteases (papain:proline protease:neutral pro-
tease:pepsin:flavourzyme=6:3:1:1:1 (w/w)) to the juice to
bring about hydrolysis reaction for 2 hours, maintaining boil
of the juice for 20 minutes subsequently to deactivate the
enzymes, followed by centrifugation to remove insoluble
impurities and fat, finally, spray-drying the liquid to obtain
360 g powdered active small-molecule donkey-hide gelatin
mixture. A determination of the molecular weight of the
product showed that most of the peptides were in the range of
200-3000 Da, accounting for 75% of the total.

Example 5

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 50° C. at
room temperature, adjusting its pH to 6.5. Adding 3% (w/w)
of compound proteases (papain:proline protease:pepsin:neu-
tral protease:flavourzyme=6:2:2:1:1 (w/w)) to the juice to
bring about hydrolysis reaction for 2 hours, maintaining boil
of the juice for 20 minutes subsequently to deactivate the
enzymes, followed by centrifugation to remove insoluble
impurities and fat, finally, spray-drying the liquid to obtain
360 g powdered active small-molecule donkey-hide gelatin
mixture. A determination of the molecular weight of the
product showed that most of the peptides were in the range of
200-3000 Da, accounting for 95% of the total.

Example 6

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 40° C. at
room temperature, adjusting its pH to 6.5. Adding 3% (w/w)
of compound proteases (papain:proline protease:pepsin:neu-
tral protease:flavourzyme=6:2:2:1:1 (w/w)) to the juice to
bring about hydrolysis reaction for 0.5 hours, heating to boil
the juice and maintaining boil for 20 minutes subsequently to
deactivate the enzymes, followed by centrifugation to remove
insoluble impurities and fat, finally, spray-drying the liquid to
obtain 360 g powdered active small-molecule donkey-hide
gelatin mixture. A determination of the molecular weight of
the product showed that most of the peptides were in the range
01'200-3000 Da, accounting for 83% of the total.

Example 7

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 40° C. at
room temperature, adjusting its pH to 6.5. Adding 5% (w/w)
of compound proteases (papain:proline protease:pepsin:neu-
tral protease:flavourzyme=6:2:2:1:1 (w/w)) to the juice to
bring about hydrolysis reaction for 2 hours, heating to boil the
juice and maintaining boil for 20 minutes subsequently to
deactivate the enzymes, followed by centrifugation to remove
insoluble impurities and fat, finally, spray-drying the liquid to
obtain 360 g powdered active small-molecule donkey-hide
gelatin mixture. A determination of the molecular weight of
the product showed that most of the peptides were in the range
01'200-3000 Da, accounting for 71% of the total.

Example 8

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 40° C. at
room temperature, adjusting its pH to 6.5. Adding 1.5%
(w/w) of compound proteases (papain:proline protease=2:1
(w/w)) to the juice to bring about hydrolysis reaction for 0.5
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hours, followed by addition of 5% (w/w) pepsin to continue
the hydrolysis for 0.5 hours, followed by continuation of the
hydrolysis by addition of 5% (w/w) compound proteases
(neutral protease:flavourzyme=1:1 (w/w)) for 1 hour, heating
to boil the juice and maintaining boil for 20 minutes subse-
quently to deactivate the enzymes, followed by centrifugation
to remove insoluble impurities and fat, finally, spray-drying
the liquid to obtain 360 g powdered active small molecule
donkey-hide gelatin mixture. A determination of the molecu-
lar weight of the product showed that most of the peptides
were in the range 0of 200-3000 Da, accounting for 87% of the
total.

Example 9

Cooling down 1 L of the donkey-hide gelatin juice (40%
(w/w)) without addition of auxiliary materials to 50° C. at
room temperature, adjusting its pH to 6.5. Adding 3% (w/w)
of compound proteases (papain:pepsin:neutral protease:fla-
vourzyme:bromelain=6:2:2:1:1 (w/w)) to the juice to bring
about hydrolysis reaction for 2 hours, heating to boil the juice
and maintaining boil for 20 minutes subsequently to deacti-
vate the enzymes, followed by centrifugation to remove
insoluble impurities and fat, finally, spray-drying the liquid to
obtain 360 g powdered active small-molecule donkey-hide
gelatin mixture. A determination of the molecular weight of
the product showed that most of the peptides were in the range
01 200-3000 Da, accounting for 65% of the total.

The powdered active small-molecule donkey-hide gelatin
mixture prepared according to Example 5 of embodiment of
this invention was used in the following test analysis.

Example 10

The Test of the Distribution of the Peptides in the
Active Small-Molecule Donkey-Hide Gelatin
Mixture

1.1 Tests Using High Performance Gel Chromatography

Test Equipment:

Liquid System: Agilent 1100; efficient gel column: TSK-
(G2000 SKwl1 (300 mm*7.8 mm, the average pore size 500 A).

Test Procedure:

Measuring 1 ml hydrolysis samples and centrifuging at
10,000 g for 2 minutes, filtering the supernatant through a
0.45 um disposable filter vials and the samples being subse-
quently injected into the chromatograph. The column tem-
perature was 27° C., the mobile phase was 0.05 mol/LL phos-
phate bufter (pH 7.2) with a flow rate of 0.5 ml/min, the
detection wavelength was 280 nm, and the injection volume
was 20 pl.

1.2 Test for Free Amino Acid Contents

Test Equipment:

MS: 3200 Q Trap; LC system: Shimadzu UFLC system;
column: AB Sceix specially for the analysis of amino acids;
guard column: C18 (4.0x3.0 mm, 5 um), Phenomenex Co.

Procedures:

Adding 5 pLL precipitant into 20 pl. homogeneously mixed
liquid sample, blending uniformly, centrifuging for 2 minutes
at 10,000 g, adding 20 uL labeling bufter into 5 pl. superna-
tant, mixing into homogeneity, adding 5 pul. supernatant with
2.5 ulL. labeling reagent, mixing into homogeneity, reacting at
room temperature for 30 min, after the reaction, adding 2.5 pl,
hydroxylamine, mixing into homogeneity, blowing dry with
nitrogen at 40° C., recomposing by adding 16 pL. internal
standard solution, mixing into homogeneity, measuring 16 ul.
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into a sample vial, injecting 5 ulL. into the chromatograph to
measure concentrations of amino acids.

1.3 Results

The results are shown in FIG. 1. As can be seen from FIG.
1, the sample contained a high content (81%) of peptides with
molecular weights ranging from 200-1000 Da, the segment of
peptide between 1000-3000 Da accounted for 14% of the
total, free amino acid content was very low, only 4%. The
weight average molecular weight was 765 Da. As stated in
Background of this invention: peptides with molecular
weights between 200-1000 Da showed better absorption and
efficacy in comparison with peptides of other sizes and free
amino acids, it can thus be accepted that, in comparison with
other collagen peptide products, the product according to
present invention is superior with respect to the absorption
rate as well as functional efficacy.

Example 11
Bioavailability Test

Material:

Ordinary donkey-hide gelatin: normal untreated donkey-
hide gelatin sample;

Bionic digested donkey-hide gelatin: enzymolysis of don-
key-hide gelatin using pepsin and intestinal trypsin imitating
the digestion in human gastrointestinal tract;

Small molecule donkey-hide gelatin: an active small-mol-
ecule donkey-hide gelatin mixture obtained by using the
method proposed in the present invention;

Using 24 healthy mice, half male and half female, weigh-
ing between 200-250 g, randomly divided into groups A, B
and C. Fasting for 12 h before medication. Administering
intragastrically into groups A, B and C with ordinary donkey-
hide gelatin solution, bionically digested donkey-hide gelatin
solution and small molecule donkey-hide gelatin, respec-
tively (1 mg samples/10 g body weight each) in the next
morning, resuming feeding 4 h after administration. Collect-
ing orbital blood samples 0 h, 0.25h,0.5h, 1 h,2h,3h,4h,
6 h, 8 h, 10 h, 12 h, 18 h, 24 h after administration. After
pretreatment analyzing the blood samples using amino acid
analysis to obtain blood hydroxyl proline contents to calibrate
bioavailability of the samples (hydroxyl proline is the char-
acteristic amino acid of collagen).

The results are shown in FIG. 2, it can be seen from FIG. 2
that, bioavailability ofthe active small-molecule donkey-hide
gelatin mixture proposed in the present invention is 3.5 times
that of the ordinary donkey-hide gelatin, 2.2 times that of the
product obtained from bionic digestion. These data demon-
strated the active small-molecule donkey-hide gelatin mix-
ture proposed in this invention has characteristics of small
molecules and high absorption rate.

Example 12
Test on Antioxidant Effect
1.1 Investigation on the Effect of DPPH Radical Scaveng-
ing

Procedures

Adding 1.5 mL sample solution and 1.5 m[. DPPH solution
in a stoppered test tube, shaking and reacting in the dark for 30
min, measuring absorbance at 517 nm (Ay), simultaneously
determining absorbance of the mixture of 1.5 m[. 0.1 mmol/L.
DPPH solution and 1.5 mL ethanol (A ), as well as that of the
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mixture of 1.5 mL sample solution and 1.5 mL ethanol (A).
Calculate the clearance rate according to the following for-
mula:

As —Ap

Clearance rate(%) =1 — x 100

Where A, A, and Az are the absorbance of the reactant
between sample solution, as well as that of the mixture of
DPPH solution and ethanol, and that of the mixture of sample
solution and ethanol, respectively.

1.2 Investigation on the Effect of ABTS Radical Scaveng-
ing

Test Procedure

Reacting 88 ul potassium persulfate solution with 5 mL
ABTS solution in the dark for 16 h, subsequently diluting the
reactant with ethanol until the absorbance reaches 0.7+0.002.
Reacting 200 pL. (2 mL) ABTS reaction solution with 100 pL.
(1 mL) sample solution in a 96-well plate for 10 min, mea-
suring the absorbance at 734 nm. Calculating the clearance
rate according to the following formula:

Ag—A
Clearance rate(%) = 3 x 100
0

Where A, is the absorbance of the ABTS™ solution, A is the
absorbance of ABTS™ solution after adding the sample solu-
tion.

1.3 Results

The results are shown in FIG. 3 and FIG. 4. As can be seen
from FIGS. 3 and 4, the small molecules of different concen-
trations of small-molecule donkey-hide gelatin solution all
demonstrated the effect of scavenging ABTS and DPPH radi-
cals, small-molecule donkey-hide gelatin solution of 10
mg/ml concentration showed close to 100% clearance on both
radicals, indicating that the product according to the present
invention has a certain effect on anti-oxidation.

The invention claimed is:

1. An active small-molecule donkey-hide gelatin mixture,
wherein the weight-average molecular weight of the mixture
is between 580-1300 Da, wherein 65%-95% of peptides in the
mixture have molecular weights distributed between 200-
3000 Da, wherein the mixture is prepared by using proteases
to perform the enzymatic hydrolysis on donkey-hide gelatin
juice, and the proteases include papain and proline protease.

2. The active small-molecule donkey-hide gelatin mixture
according to claim 1, wherein the proteases further include
one or several or all proteases selected from the group con-
sisting of bromelain protease, neutral protease, pepsin, and
flavourzyme.

3. The active small-molecule donkey-hide gelatin mixture
according to claim 1, wherein the formulation of the mixture
is a powder or a liquid.
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4. The active small-molecule donkey-hide gelatin mixture
according to claim 1, wherein 83% of the peptides in the
mixture have molecular weights distributed between 200-
3000 Da.

5. The active small-molecule donkey-hide gelatin mixture
according to claim 4, wherein 81% of the peptides in the
mixture have molecular weights distributed between 200-
1000 Da.

6. The active small-molecule donkey-hide gelatin mixture
according to claim 1, wherein 81% of the peptides in the
mixture have molecular weights distributed between 200-
1000 Da.

7. A method to produce the active small-molecule donkey-
hide gelatin mixture according to claim 1, the method com-
prising:

(1) cooling auxiliary material-free donkey-hide gelatin
juice down to 30-55° C. at room temperature, adjusting
the pH to 5-8, adding proteases into the juice to hydro-
lyze the juice for 0.5 to 2 hours, thereby obtaining the
hydrolyzate of donkey-hide gelatin juice; wherein the
proteases include papain and proline protease;

(2) boiling the hydrolyzate of donkey-hide gelatin juice
obtained in step (1) for 10-30 minutes to inactivate the
proteases, thereby obtaining the inactivated decoction;

(3) centrifuging the inactivated decoction to remove impu-
rities, thereby obtaining the liquid formulation of the
active small-molecule donkey-hide gelatin mixture.

8. The method according to claim 7, wherein the obtained
liquid formulation of the active small-molecule donkey-hide
gelatin mixture is further processed into a powder formula-
tion by spray drying.

9. The method according to claim 7, wherein the auxiliary
material is selected from the group consisting of yellow rice
wine, crystal sugar, soybean oil, or a combination thereof.

10. The method according to claim 7, wherein the concen-
tration of the donkey-hide gelatin juice in step (1) is
10%~50% by weight.

11. The method according to claim 7, wherein the proteases
further include one or several or all protease selected from the
group consisting of bromelain protease, neutral protease,
pepsin and flavourzyme.

12. The method according to claim 7, wherein the amount
of added proteases is 0.5%~3% by weight of donkey-hide
gelatin juice, and the proteases are added in the sequence of
several proteases added in chronological order at regular
intervals, or several proteases added simultaneously in the
initial stages of hydrolysis reaction.

13. The method according to claim 7, wherein the weight
ratio of the added proteases is: papain:proline protease=2:1;
or papain:proline protease:any one of bromelain, neutral pro-
tease, pepsin, or flavourzyme=>5:2:1.

14. A method of preparing a small-molecule-peptide foods
or health foods comprising the active small-molecule don-
key-hide gelatin mixture according to claim 1, the method
comprising introducing the active small-molecule donkey-
hide mixture according to claim 1 into the small-molecule-
peptide foods or health foods.
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